Despite these numbers, there are many unresolved issues relating to curcumin and its application in human medicine. Among most important ones are curcumin's poor bioavailability and well-recognized pleiotropic activity, which makes it almost impossible to anticipate and predict cell-type specific response to curcumin-associated-stimuli. This complexity leads to uncertainty about the parameters of cellular responses which need to be followed (measured) to accurately estimate the output and understand how this powerful polyphenol influences communication among multiple molecular events. To become the basis for viable health claims, which curcumin still is not, these multiple events need to be thoroughly investigated through various types of research. Carefully designed human clinical trials should take into account not only its limited bioavailability but also the possibility that its application may, in some individuals and under certain circumstances, induce some harmful effects [7] .
A majority of curcumin analogs rely on applying nanobiotechnology techniques leading to developing a respectable number of bioavailable formulations, which are generally classified as nanoparticles, liposomes, micelles, and phospholipid complexes [8] . Most of these products/analogs were tested in vitro, with in vivo testing performed only on a few of them. Extreme caution should be taken when considering curcumin applications, especially in the field of oncology. The reason is clear: What seems to be a clear cytotoxic effect on a cancer cell grown in vitro, should not be a priori projected as a "healing effect" which would be of therapeutic help when given to a cancer patient.
A strong antioxidative effect makes curcumin a potent chemopreventive. However, although oral administration of curcumin inhibited the development of intestinal adenomas in ApcMin/+ mice [9] , we are still missing strong evidence on beneficial effects related to high intakes of curcumin and decreased cancer risk in humans. Carrol and collaborators, who conducted a 30-day phase II clinical trial in smokers (N = 41) with at least eight rectal aberrant crypt foci (ACF) found that the number of ACF was significantly lower with a daily supplementation with 4 g/day of curcumin compared to 2 g/day (P < 0.005) [10] .
This protective effect may be, in part, attributable to curcumin's activating effect on the NRF2 gene, whose protein product is a transcription factor known to control several antioxidant pathways. In a healthy cell, this action will provide protection from an excess of reactive oxygen species (ROS). In a tumor cell, curcumin may well produce the very same effect. In the context of chemotherapy during which ROS accumulates, this antioxidative effect of curcumin may be protective of a cancer cell. A widely cited paper from 2011 [11] shows that mouse embryonic fibroblasts with active endogene transcription of mutant K-ras (G12D/+) or mutant Braf (V619E), through orchestrating jun and myc, may induce the expression of functional and, in this context, strongly pro-proliferative Nrf2. However, in a cancer cell, this is not the only effect that needs to be considered. Curcumin has a potent anti-inflammatory effect, which is primarily related to its inhibitory action on the pro-inflammatory, pro-proliferative, nuclear factor-κB signaling pathway. Thus, one cannot exclude the possibility that curcumin creates a balance between these two signaling pathways, in the majority of in vitro cellular cancer models, leading to cellular apoptotic death. In this context, it should not be surprising to find that combining curcumin with various cytostatic drugs has a strong synergistic effect [12] .
Finally, curcumin was shown to directly bind to some proteins. Some of them are crucial for survival of the cancer cell, as they represent critical points in metabolic reprograming, which allows cancer cell to switch its metabolism toward aerobic glycolysis. Two of these proteins are particularly interesting enzymes: (a) 3-phosphoglycerate dehydrogenase (PHGDH) and (b) mitochondrial hydroxymethyltransferase 2-SHMT2 [13, 14] . Silencing of PHGDH in HeLa cells significantly inhibited cell proliferation and increased cisplatin chemotherapy sensitivity [15] . Based on human breast and lung cancer mRNA data sets, Antonov et al. were able to predict high PHGDH expression as a negative prognostic marker in breast cancer patients in seven out of 17 breast cancer datasets [16] . However, the increased expression of the PHGDH mRNA did not appear to have any prognostic value in seven analyzed lung cancer datasets. Once again, this illustrates the importance of the cell-specific molecular background which is profiled on specific signaling pathways. The level of their dependency on specific molecules/enzymes should be closely connected to the type of cellular redundancy. The fact that high expression of SHMT2 in ten out of 17 breast cancer datasets predicted negative prognosis, seems to be in accord with this presumption.
Because crucial cellular regulatory points are diverse and exist at several levels, a conclusion is elusive. The complex hierarchy in regulating pathological networks is still incompletely understood, notwithstanding everincreasing knowledge regarding every part of the process.
In that context, personalized medicine has made great progress. However, developing an integrated approach, in which personalized medicine is applied as much as possible, presents a challenging task for the future. Curcumin may have features needed to help to meet this challenge. The problem with its bioavailability seems to be solvable. Recently, published research papers show its direct binding to various proteins, some of them crucial metabolic enzymes for highly proliferative cells. There is numerous data showing its selective action in vitro although we still do not entirely understand the basis for it. These data opens the door to a wide range of therapeutic opportunities for targeting cancer cell in a cell-type specific fashion. However, well-controlled clinical trials are still to be undertaken. We await the results obtained in clinical trials to truly understand the rules of multilevel regulation of cellular biology joined with the pleiotropic effects of curcumin to support valid health claims.
